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uescripuon 

' * Reld Of The Invention 

The present inventim relates generally to shrink 
film compositions having improved properties, particu- 
larly improved shrink range, optics, toughness, (low) 
shrink force, (bw) extractabtes and the like. More spe- 
cifically, the improved shrink films of the present inven- 
tion are directed to aikiys or combinations comprising 
precise relative amounts of "narrow' melting point poly- 
olefin with a higher melting point (by at least about 1 0'C) 
potyotefin. 

BACKGROUND OF THE INVENTION 

Conventionally known shrink films generally com- 
prise polyolefin (paniculariy polyethylene) and/or poly- 
vinyl chloride. Other common shrinkfilm constituents in- 
clude ionomers. polyesters, polystyrenes, and polyvi- 
nytidene chlorides. 

Monolayer polyolefin shrink films include both 
cross-linked and uncross-linKed oriented polyethylene, 
oriented polypropylene^ and oriented ethylene-propyl- 
ene copolymers. Monolayer polyvinyl chloride ("PVC') 
shrink films involve a variety of PVC formulations. 

Upon exposure to heat a shrink film will either 
shrink or. if restrained, create shrink tension within the 
film. This heat reaction is generally activated when the 
wrapped product Is passed through a hot air or hot water 
shrink tunnel. Generally, this process causes the film to 
shrinkaroundtheproducttoproduceatight transparent 
wrapping which conforms to the contour of the product, 
while protecting the product from dirt and contamination. 

Shrink film manufacture generally requires sophis- 
ticated equipment, including extnjsion lines with 'orien- 
tation' capability, irradiation units (when cross-linking is 
desired), tenter frames, mechanical center-folders, and 
slitters. 'Racking* or temer framing' are orientation 
processes which cause the material to be stretched in 
the cross or transverse direction (TO*) and in the lon- 
gitudinal or madiine direction CMO*). 

To create a shrink film, the films must t^icalty be 
heated within its orientation temperature range (which 
varies according to the film compositcn. but is usually 
and preferably above room temperature) and below the 
polymer's melting temperature. After being stretched, 
the film is rapidly cooled: such rapkj cooling or quench- 
ing freezes the film molecules in their oriented state. Up* 
on sufficient heating, the orientation stresses are re- 
leased, and the film wilt begin to shrink back to its orig- 
inal unoriented dimension. 

PVC and polyolefin shrink films provide a wide 
range of perfonnance characteristics, such as shrink 
force (the amount of force that a film exerts per unit area 
of its cross-section during shrinkage), degree of free 
shrink (the reduction in surface area a material under- 
goes when unrestrained), tensile strength (the highest 



TOTCQ max can oe appnoo xo a umi area or nm osiore a 
begins to break). seataUBty, shrink temperature cunre 
(Ihe relationship of shrink to tempetature), tear nitiativi 
and resistance (the force at which a film wiO begin to tear 

s and continue to tear), optics (gloss, haze and transpar- 
ency of material), and cfmensional stability (the ability 
of the film to retain its original dimenskans under aO types 
of storage conditkyis). 

Rm characteristics play an important role in setect- 

ro ing a particular film and may dtffer for different packag- 
ing applicatkans or equipment ConskleFatksn must be 
given to the packaging process and also to the product's 
size, weight, shape, rigkllty, number of product compo- 
nents, and existence, 3 any, ol other packaging materi- 

t5 als which may be used along with the film. 

Potyolefins have been nrtost successful with appli- 
cations where moderate to high shrink tenskms are pre- 
ferred. Such films are most easily utilized on new. auto- 
matia high speed shrink wrapping equipment where 

20 shrink and sealing temperature ranges can be closely 
controlled. The pofyolefins tend to seal cleaner, leaving 
fewer deposits artd less reskiue, thereby extendng the 
life of the equipment and reducing equipment mainte- 
nance. 

25 The PVC films generally have better optics, lower 
shrink tenskms, and wiD generally seal and shrink over 
much broader temperature ranges than the poiyoiefins. 
However, poiyoiefins usually do not emit corrosive gas- 
es upon sealing as do PVC fibns and. in this respect 

30 are cleaner than PVC films. 

Prior to the present invortion, poiyoiefins have gen- 
erally not been ^te to penetrate PVC film packaging 
applicatksns where the products to be packaged require 
the lower shrink tensions and optical propenies of the 

3S PVC film. Conventksnai polyolefin shrink films can have 
shrink tensbns up to four times those d the PVC films 
and generally wdl not have the optical properties avail- 
able from PVC shrink fifra 

Also* prior to the present invention PVC shrinkfilm 

^ has been preferred over polyolefin shrink film for older, 
manualty-<^erated sealers and smiautomatic wrap- 
pers where temperatures are highly variable. Okler. 
poorly maintained wrapping equipment usually run PVC 
better than present monolayer potyolefins due to the 

^ combinat^ of the generally broader shrink and sealing 
temperature ranges of the PVC films. 

Some success has been achieved by the use of cer- 
tain multilayer polyolefin shrink films having three or five 
layer construction and including a core layer and/or out- 

so ar layers of polyester or copolyester. Exemplary of such 
films is MPD1055 manufactured by W. R. Grace & Co. 
While such shrink fflms have been successful for many 
applications, polyester and copolyester are expensive 
resins. Furthermore, such multilayer structures are 

ss complex to manufacture and can be difficult to recycle. 
Consequently* a need exists in the art for an eco- 
nomical shrink film which is clean (low extractables) and 
which can be used to package fragile products. A need 
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runner exisis lor snnnn iiims.naving improveo neai seai 
Strengths, and even lower shrink tensions than the pres- 
ently available rrtultilayer potyolefin shrink films. Addi- 
' tktfially. it is desirable to obtain such a film which never- 
theless maintains high free shrink properties at retatrvety 
low temperatures. This would facilitate effective shrink- 
ing at temperatures typically used in commercial heat 
shrink equipment without the adverse effects on pack- 
age and product which can result from too high a shrink 
temperature. A need further exists for a broad temper- 
ature range for activating the shnnk film, so that the fi^ 
could be easily used on old equipment where tempera- 
tures can va7 greatly during a production run. Heat- 
shrinkable fihis of ethylene/a-olefin copolymers are 
known from GB-A-2 097 324. 

Definitions 

'Polyethylene' as used herein is intended to include 
not only homopoiymers. but also copolymers, provided 
at least about 70 weight percent of the polymer is de- 
rived from ethylene. 

The physical propenies of polyethylenes are gen- 
erally directly influenced by many factors, including: 1. 
comonomer constituents; 2. degree of branching; 3. 
amount of comonomer (C4 • Ce alkyi groups are often 
polymerized onto the base chain); 4. degree of crystai- 
lanity; and 5. average molecular weight For simplicity 
and following conventional practices, the overall effect 
of these influences will be broaoly quantified (or a! least 
approximated) by the density of the polyethylene which 
generally ranges from 0.85 to 0.98 g/arfi and also by 
designating the polymer as being 'linear', if the polymer 
is substantially non-branched. 

The density ranges used herein are merely an at- 
tempt to approximate certain propenies of the polyeth- 
ylene, which is a conventionally accepted practice in the 
art at the time this application is being drafted Future 
advances in the an may make this designation obsolete. 
Indeed some experts are predicting that with recent de- 
velopments in new polyoleftn catalyst systems, meticu- 
lous fine tuning of physical propenies might be poss&le 
and that the traditkvial distinctions between polyethyl- 
ene and polypropylene may one day blur. 

Consequently, in the event the an does indeed ad- 
vance to such a degree and new polyolefin polymers or 
copolymers are created which have the critical proper- 
ties designated herein and therefore are capable of be- 
ing equivalent and/or interchangeable with the critical 
polyethylenes described herein, then the definition of 
polyethylenes of this application is also intended to in- 
clude such polyolefin polymers or copolymers. 

The 'density' nomenclature as conventionally used 
in the an (and as used in this specification) to describe 
polyethylenes is nonspecific to a particular compound, 
but rather, refers instead to a range of compositions. 
This range often includes both homopotymers and co- 
polymers. For example, *high density* polyethylene 
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polymers d ethylene and an aipha-oiefin (usually 
1-butene or l-hexene) which have densities greater 
than about Q^SAgfeafi. HOPEs are generally high mo- 

5 lecular weight polymers synthesized from Ziegler or 
Phillips type catal^ 

Another broad grouping of polyethylene is "high 
pressure, low density' polyethylene (TOPE'). LDPEs 
generally have densities between about 0.915 and 

10 0.930 g/cm^ and can be either branched homopolymers 
or copolymers containing polar groups resulting from 
copotymerizatksn with vinyl acetate, ethyl acrylateorthe 
like. L^PEs typically contain long branches off the main 
chain (often termed 'backbone*). 

15 Linear low density polyethylenes (TlDPEs*) are 
copolymers of ethylene and alpha-olefins. having a den- 
sity in the range of about 0.915 to 0.940 g^cm^. The al- 
pha-olefin comonomer is typically 1-butene. 1-hexene, 
or 1-octene, and Zlegler-type catalysts are usually em- 

20 ployed (although Phillips catalysts are also used to pro- 
duce LLDPEs having densities at the higher end of the 
range). 

Ultra low density polyethylenes ('ULOPEs') are co- 
polymers of ethylene and alpha-olefins, usually 
25 1 •butene, 1 -hexene or 1 -octene. having densities lower 
than LLOPEs (generally ranging from about 0.860 to 
about 0.915g/cm^. 

The term 'polyethylene' will be used (unless indi- 
cated othenvise) to refer to any of the above broad 
30 classes of polyethylene compositbns. 

BRIEF SUMWKm OF THE INVENTION 

The present invention is directed to an improved 
as shrink film composition comprising: 

a) a polyethylene first compoient as defined above 
having a namDw melting point, sakl melting point be- 
ing less than 115' C and said first component hav- 

40 ing a molecular weight distribution (Mw/Mn) within 
the range of about 1 to about 4 and a density less 
than about 0.92 grams per cubic centimeter and 

b) a polyolefin second component having a melting 
point at least 1 0*^0 greater than the first component 

46 and an orientation temperature of at least 2*C less 
than its melting point 

whereby the weight ratio of first component to sec- 
ond componem is in the range of about 2-98:98-2. 

50 The first component Is preferably the product of a 
polymerization process utOtzing a single site or a con- 
strained geometry catalyst (as opposed to traditional, 
multi-site catalysts). Single site or constrained geometry 
catalyst polyolefins are well known and are available 

55 from Exxon Chemical Co. under the trademark EXACT 
and are also available irom Dow Chemical Company. 

The first component is a polyethylene and the sec- 
ond component is also a polyethylene. The second com- 
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pon^ can be a btend of LOPE. LLDPE and VLDPE in 
a weight ratio of 2*25:50-98:0-25. 

Preterred emtiodiments cA the present invention in- 
' dude muitilayer composite shrink film structures where- 
in at least one of the layers comprise the duai polyolefin 
compositions discussed above. Certain preferred mul- 
tilayer stmctures according to the present invention can 
be further defined as containing a core layer comprising 
the dual olefin corr^ositbn described above, provided 
the core layer is about 40% to 95% of the total thickness 
of the multilayer fitra 

The shrink films of the present invention are prefer- 
ably oriented in the machine direction ("MO") and trans- 
verse direction (ID'] and will shrink upon exposure to 
temperatures in the range of about 70* C to about 90* 
C in less than about 10 seconds (more preferably, will 
shrink upon exposure to temperatures in the range of 
about 75* C to about 85*C within about 5 seconds) or 
less. 

DETAILED DESCRIPTION OF THE PREFERFED 
EMBODIMENT AND BEST MODE 

Introduction 

The present inventnn is directed to precise combi- 
nations of polyolefin: 1. a 'First Component' preferably 
comprising "narrow, substantially singular* melting point 
polyethylene: and 2. a 'Second Componertt' with ahigh- 
er melting point (by at least about 10* C) polyethylene. 
The Rrst Component will generally allow for lower shrink 
temperatures, improved optical properties and higher 
shrink film strength. The Second Component will pro- 
vide melt strength to allow for easier shrink film manu- 
facture. 

The final film will generally provide a sufficiently low 
shrink temperature to be an appropriate alternative to 
PVC shrink film conventionally used on old equipment 
which is subject to substantially temperature changes 
during production runs. The shrink temperature can be 
designed to be so low that it will virtually always be lower 
than the process temperature of antiquated shrink fitm 
equipment regardless of temperature fluctuation. Each 
component will be discussed and then the critical pa- 
rameters in combining the two componems will then be 
outlined. 

Rrst Component: 'Narrow Substantelly Singular* 
Melting Point Polyethylene 

The 'First Component* polyethylene has a narrow 
substantially singular melting point whk:h is less than 
11S*C, more preferably less than 90* C, yet more pref- 
erably less than 80* C and most preferably less than 
70* C. The preferred Rrst Component polyethylene is 
also a copolymer wherein 90 weight percent or more of 
the polymer is derrved from ethylene, more preferably 
65% or more, yet more preferably 60% or more of the 



polymer ts derived tram emyiena. prererrea comono- 
mers include butene. herane andtar octene, and the 
most preferred oonxytomer is octene. 

The 'First Co mp on en t* shoukl have a moiecutar 

5 weight from about 40,000 to about 200,000, and more 
preferably about 50.000 to about 120,000 and should 
have a mdecuiar weight distributkxi (Mw/Mn) within the 
range of 1 to 4. more preferably 1 to 3. The melt index 
is preferably in the ranged about0.01 toaboutSO. more 

TO preferably about ai2 to about 25 and most preferably 
about 0.15 to about 2.5. 

The polyethylene d the first component preferably 
has a Shore A hardness according to ASTM 0-2240 d 
at least 60. mora preferably at least 70, more preferably 

IS at least 80, and most preferably at least 90. The Shore 
0 hardness (ASTM 0-2240) is most preferably greater 
than 20. more preferably grater than 30 and most pref- 
erably greater than 35. The preferred tensile strength at 
break is preferably (ASTM 0-638 in pounds per square 

20 inch) greater than 500, more preferably greater than 
1000 and most preferably greater than 2000. (1 p.s.L = 
6.89.10^ Wmrn2) 

The tensile ek3ngation at break in percent (ASTM 
0-638) Is preferably greater tfian about 500, most pref- 

25 erabty greater than about 750. The flexural modulus in 
pounds per square inch (ASTM 0-790) is preferably 
greater than 2500 (175.8 kg/arfij, more preferably 
greater than about 3000 (210.9kg/bm2) and most pref- 
erably greater than about 4000 (281 .2 kgfcm^. The Vi- 

30 cat softening point in *C (ASTM431S25) is preferably 
less than 100, more preferably less than 90, yet more 
preferably less than 80 aM most prderably less than 
70. The tensHe impact in foot pounds per square inch 
(ASTM 0-1822) is preferably greater than 150 (3150 J/ 

05 cm^. more prefer^ly greater than 200 (4200 J/bm^ 
and most preferably greater than 250 (5250 U/cm^). 

Useful "Hrst Componoif materials are available 
from (or are presently being developed by) Oow Chem- 
ical, Exxon Chemical, Rna, Chiesa Phillips, Mobil, 

40 BASF. British Petroleum, Shell, Hoechst, Mitsui Toatsu, 
Idemitsu Kosan. Mitsubishi and other producers (or re- 
searchers) d single site or constrained geometry poty- 
defins. A method d manufacturing such materials is 
dsciosed in a published EXXON Chemical PCT patent 

45 applicatkan. WO 91/14713, International Applicatkui 
Number PCTAJS91/01860, "Catalyst System d En- 
hanced Productivity* by Hlatky, etal^ International Fl- 
ing Date March 19, 1991. . 

The Exxon application discloses the use d a Group 

^ lll-A element compound for impiovmg the productivity 
d an ionic metallocene defin pdymerizatton catalyst 
This catalyst is the reaction product d a metallocene of 
aGroup IV-B transitksn metal andan ksnic activator com- 
pound comprising a catksn capable d ctonating a proton 

56 and an anksn which is bulky, labile and noncoorcfinating 
with the Group IV transition metal cation produced upon 
reaction d the metallocene and activator compound to 
form the catalyst. The Exxon catalyst systems are 



oaimea lo nave ennancea pioaucQvny over similar cat- 
alysts not using Group 111 A compounds for the potymer* 
' < izaUon of olefins. diolefins.cycfic olefins and acetynical* 
* ' ' ty unsaturated monomers to potyolefms. The resulting 
potyoiefins have narrow molecular weight distributions 
and higher weight average molecular weights than here- 
tofore attainable with a like metallocena which is acti- 
vated to an active catalyst species by reaction with an 
aluminum aikyi or alumoxane cocatalysL 

Useful 'Rrst Component' materials for the present 
invention are available from Exxon Chemical Company 
and sold under the trademarit EXACT 

Another method of manufacturing useful 'First 
Componenf materials for the present invention is dis- 
closed in a published European patent application EPO 
0 416 815 A2 (publication number). 90309496.9 (appli- 
cation number), filed August 30. 1990. •Constrained Ge- 
ometry Addition Polymerization Catalysts. Processes 
For Their Preparation, Precursors Therefor Methods Of 
Use. And Novel Polymers Fomied Therewith' assigned 
to CX^W Chemical. This publication discloses metal co- 
ordination complexes comprising a metal of Group III 
(except Sc), 4-10 or the tanthanide series and a delo- 
catized pi-bonded moiety whereon the moiety is substi- 
tuted with a constrain-inducing moiety which reduces 
the angle at the metal between the centroid of the pi- 
bonded moiety and at least one remaining substituent 
The complexes preferably comprise a cyclcpentadtenyl 
or substituted cyclopentadienyl group forming part of a 
ring stnjcture in which the metal is both bonded to an 
adjacent covalent moiety and held in association with 
the (substituted) cyclopentadienyl moiety. Complexes of 
said preferred structure are not necessarily constrained 
sufficiently to reduce the angle. Amidosilane and ami- 
doaikanediyl compounds are panicularly preferred. The 
complexes are from addition potymenzation catalysts 
with activating cocatalysts such as Lewis acids, ammo- 
nium salts, oxidizing agents and. especially, aluminum 
compounds, particularly aluminum trialkyls. 

Single site catalyst syst^s which provide appro- 
priate First Component materials for the present inven- 
tion contain generally only one active catalyst site which 
generally produces just one type of ethylene polymer 
molecule. This generally yields a polymer with very nar- 
row molecular weight distribution CMWD*) and compo- 
sition distribution ('CD*) as opposed to the broad MWO 
andCOproducedbymultl-srtecatatysts. ThenarrowCO 
leads to a narrow melting point range and a lower peak 
melting point than a more conventional linear polyethyl- 
ene with a similar melt index and density. 

It is welt known that narrow MWO polymers are 
somewhat more difficult to melt process due to their 
higher melt viscosities and lower melt strength. Howev- 
er, single site or constrained geometry catalyst systems 
for potyoiefins generally allow for independent adjust- 
ment of the MWO and CD. whereby the MWD can be 
broadened to improve processability if desired while 
maintaining a narrow CD and its associated property ad- 



vmnages. 

In the most preferred embodiment, the fim, compo- 
nmt will have a narrow CD in the range of about 10 to 
30 side chain branches per 1000 carbons. The hot tack 
5 strength is preferably greater than 2, more preferably 
greater than 4 and most preferably greater than 5 nsw* 
tons per 15 millimeters at a sealing temperature be- 
tween about 80''C and lOO'C. 

10 Second Component: "Higher Melting Point 
Polyethylene' 

The preferred 'Second Component' polyethylenes 
of the present Invention are the linear low density 
IS (LLDPE), lowdensity (LDPE)orthe very low density pol- 
yethylenes (VLDPEs) most preferably LDPE. The most 
preferred comonomer for the LLDPE and ULDPE is oc- 
tane. 

An important feature of the second component is 
20 that it has a maximum orientation temperature of 2?C 
lower than its melting point and that It have sufficient 
melt strength at its orientation temperature to be capa- 
ble of being oriented in a film fomnat when used in com- 
bination with the first component 
2S LLOPE and l^PEs are well known conventional 
polyethylenes and have been de8crtt)ed above In the 
background section of this specification. LDPE is a 
branched polymer of ethylene, optionally of non-oiefinic 
monomers, such as vinyl acetate, acrylate esters, ear- 
so boxytic acid esters (typically acrylic acid) and metallic 
nn-neutralized carboxyllc acids (lonomers). LOPE is 
commonly manufactured in autoclave or tubular reac- 
tors in which ethylene monomer is polymerized with a 
free radical source as an initiator. Pressures range from 
^ 15.000 to 45.0CX3p.sJ. (10.5 -31.5 kg/mm2).andth6 pol- 
ymers produced have a high degree of side branching, 
with densities from 0.910 to 0.935. In LOPE there are 
generally 10 to 20 branches per 1000 carbon atoms. 
With LOPE, control of branching is achieved primarily 
40 k}y varying reactor conditions. Copolymerizadon with 
monomers such as vinyl acetate, acrylate esters, and 
cart3oxy0c ackis also is used to adjust crystallinity of 
LOPE. Ester comc^omers provkje short brartch chains 
that reduce crystallinity and thereby increase flexibility, 
-tf toughness, and sometimes clarity. Caiboxyitc add co- 
polymers and ionomers tend to reduce ciystalGnity. in- 
crease toughness, and improve tensile properties. 

A suitable LIOPE resin may be of the series of 
LLOPE resins produced by Oow Chemical Company. 
so Several other manufacturers offer LLOPE resins. For 
example. Union Carbide and Exxon both produce resins 
with densities of 0.915 to 0.940 grams per cubic centim- 
eter range, as do other suppliers. Resins wHh stfll higher 
densities are also available and would also be suitable 
ss for the presem invention. Combinations of these resins 
may be used as the Second Component of the present 
invention. 

The VLDPEs suitable as the Second Component for 
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tne present invention preteiaoiy nave denatles between 
about 0.91 S and 0.860 g^cm^. VLOPEs may be made 
by solution processes or fluidized bed processes. Euro- 
pean Patent Application 84 103441.6 havingpublicatton 
number 1 20503 describes a suitable method for prepar- 5 
Ing low density, low modulus ethylene copolymers uti- 
lizing a fluidized bed. These ethylene copolymers are 
described as having a density of less than 0.915 g/ari? 
and a 1% secant modulus of less than 1 40.000 kPa and 
are believed to be suitable for the blends and films of 
the present invention. 

VLOPEs of various densities are commercially 
available from Oow Chemical Company of Midland. 
Mich., U.S.A.. Union Carbide Corporation of Oanbury, 
Conn., U.S.A.. and others. 

Suitable copolymers of ethylene with l*hexene in- 
clude those having a density of 0.910 g/arfi and a melt 
index of 1 .0. Advantageously, the melt index (as meas- 
ured by ASTM 0-1238, Condition E) of each above co- 
polymer will be less than ZQ dg/min with a melt index of 
0.1 to 1.0 dg^min preferred. Also, the density of each 
VLOPE copolymer is preferably at least 0.901. 

Beneficially, the VLOPE copolymer resins of the 
present invention will be copolymarized by adding C4 - 
Cg alpha olefin monomer to ethylene under polymeriza- 
tion conditions such that the resultant resin has a density 
less than 0.91 5 g^cm^. The VLPE will comprise at least 
75 weight percent of its polymer units derived from eth- 
ylene and preferably at least 85 weight percent polymer 
units derived from ethylene. VLOPE copolymers utilized 
by the present Invention will preferably have at least five 
percent by weight of polymer units derived from the al- 
pha-olefin component of the VLOPE 

A suitable Second Component can be a blend of 
LOPE, LLOPE and/or VLOPE A preferred blend has a 
weight ratio in the range of 2-25:50-98:0-25 (LOPE 
LLOPEVLDPE) 

Combining Component 1 with Component 2 

Rims of the present invention can be made from 
blends of Component 1 with Component 2. The pre- 
ferred weight ratio of Component 1 to Component 2 is 
in the range of about 2:98 toabout 98:2. more preferably 
60:40 to 95:5 and most preferably about 75:25. 

The Vicat softening point may also be used to fur- 
ther define the present invention. Rims of the present 
invention can have a Vicat softening point greater than 
about 60* C or greater than 75* C. A Vicat sonening 
point between 75* C and 1 00' C is sometimes pref ened. 

Suitable films according to the present invention will 
beneficially have a 1% secant modulus as measured tiy 
ASTM 0-882 of at least about 10,000 p.s.L (69 MPa). 
Rims with lower values tend to be too soft for proper 
handling as food packaging films for use in, for example, 
poultry bags. Advantageously, food packaging films of 
the present invention willhave a 1% secant modulus be- 
tween 10,000 to 80,000 p.s.t. (69-550 MPa);this range 



01 eonrteea provnes aoesnafiie degree of soimuse tor 
ease of handling during both fibn manulacturing snd 
food packaging operattona. 

In one pr^errad embocSmenL the first component 
is further defined as comprising 9]% to about 98% pol- 
yethylene havmg a density of 0.86 to 0.915 grams per 
Gubto centimeter (all densfties used wShin this ^)ec8i- 
cadon are grams per cubic cerrtimeter unless indterted 
ottienivise) and a melt Index between about 0.5 to about 
2; the second componvit of this embodiment Is prefer- 
ably present in an amoimt of about 2% to about 50% 
and Is polyethylene having a density of 0.91 5 to 0.930 
and a melt Index of 1.0 to 10 (more preferably 1.0 to 
10). Aftematively, the second compon^ can be a 
VLOPE having a dotsity of 0.86 to 0.90 in an amount of 
10% to 50%. 

In another embodiment the compositcn is defined 
(in weight percentages) of polymer as follows: 

1 . 50% to 98% (First Component) polyethytene with 
a density of 0£60 to 0.915 and a melt index of 0.5 
to 2.0; 

2. 2% to 50% polyethylene (Second Component) 
having a density of 0.915 to 0.925 and a melt index 
of 1.0 to ao):^ 

3. 0% to 1 0% ethylene vinyl acetate, ionomer or pol- 
yester. 

In this emboc£ment the shrink film has improved 
optics* better toughness and more elasticity (or recov- 
ery) than many conventionally used shrink films. 

In yet another embodimem of the present invention, 
the film comprises 15% to 35% Second Component 
which is polyethylene havingadensity of 0.925 toO.945 
and a melt index of from 0.5 to 1 .5. About 65% to 85% 
of the fibn is Rret Component polyethylene having a 
density of a86 to 0.92 and a melt Index of 1.0 to 5.0. 

Percentages as used herein are based upon weight 
percentages of polymer components only and do not in- 
dude any ffllers, additives orihe like. 

The final composttkxis generaOy win exhbit im- 
proved heat seal strength arxi hot tack over many con- 
ventknal shrink film compositksns. The camposHions of 
the present Inventran also exhibit low seal initiation tem- 
peratures, bw hexane extractables and tow fibn haze. 

Optional Components 

The film blend may contain other components tn- 
duding additional polymers, copolymers, processing 
akte, catalyst resklues and^or property enhancing addi- 
tives. The fSm material may be further blended with one 
or more addittonal polymers or copolymers such as oth- 
er VLOPEs. LOPE. HOPE, LLOPE. polypropylene, pro- 
pylene oopolymers. styrene polymers and copolymers, 
polyester, nylon. PVOC, EVOH, ethylene- vinylacetate 
copolymer (EVA) and ionomers. 

The most preferred emtsodimem will have a maxi- 
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mum extractabSa portion of 5.5 percent by weight of poi- 
ymer in n-haxane at 50* C for 2 hours as fimfier cfa- 
scribed below. This 5.5 weight percent represents the 
desired maximum n-hexane extiactabte limit for olefin 
copolymers of the type emplGyed by the present inven- 
tion for use in articles that contact food except for arti- 
cles used for packing or holdng food during cooking. 

Benefictalty, the maximum extractable portion as 
described above wiD be 2.6 percent which is an espe- 
cialty preferred embodiment of the inventive film suitable 
for use in articles used in packing or holding food during 
cooking. The above maximum extractable values corre- 
spond to current limits for a class of resins intended for 
use in contact with food as set fonh and described by 
the U.S. Food & Onjg Administration in 21 CFR 
177.1520. 

Unless othenvise noted, the resins utiPized in the 
present invention are generally commerciaily available 
in pellet form and as generally recognized in the art 
may be melt blended or mechanically mbced t>y well 
known methods using commercially available equip- 
ment deluding tumblers, mixers or blenders. The resin 
blend may have other addttkxial resins blended there- 
with in any amount Also, if desired, well known addi- 
tives, such as processing aids, slip agents, antiblocking 
agents, pigments, etc.. and mixtures thereof may be in- 
corporated into the film, by blending prior to extrusion. 

The resins and any additives are introduced to an 
extruder (generally one extnjder per layer) where the 
resins are melt plasiified by heating and then transferred 
to an extrusion (or coextnjsion) die for formation into a 
tube. Extruder and die temperatures will generally de- 
pend upon the particular resin or resin containing mix- 
tures being processed and suitable temperature ranges 
for commercialty available resins are generally known 
in the art, or are provided in technical bulletins made 
available by resin manufacturers. Processing tempera- 
tures may vary depending upon other process parame- 
ters chosen. 

In extrusion of the presem invention, barrel and die 
temperatures, for example, may range between 170* C 
and 220* C. However.depending upon such factors as 
other resins which may be employed (e.g. in a multilayer 
film), the manufacturing process used and particular 
equipment and other process parameters utilized, vari- 
ations are expected. Actual process parameters includ- 
ing process temperatures wifl be set by one skilled in 
the art without undue experimentation. 

In one embodiment an extruskxi double bubble 
process is used of the type described in U.S.Pat Na 
3,456.044 where the primary tube leaving the die is in- 
flated by admission of air. cooled, collapsed, and then 
preferably oriented by reinflaUng to form a secondary 
bubble with reheating to the film's orientation (draw) 
temperature range. For the present invention, the orien- 
tation temperature is generally above the Vicat Soften- 
ing point and below the melting point of each bland com- 
ponent Machine direaton (M.O.) orientatkjn is pro- 



duced by pulling or drawing the filrn tuba ag. by utifizmg 
two pairs of roUm travefltng at diferent speeds, atd 
transverse drecdon (TO.) orientation is obtained by ra- 
dal bubble expansKvt The stretch oriented fDm Is set 
5 by rapki cooling. Suitable machine direction and trans- 
verse (firection stretch ratios are from about 2:1 toabout 
5:1. 

Suitable thermoplasttc films of the present invention 
exhibit one or more of the following properties: (i) a dy- 
namic puncture resistance greater than or equal to that 
for conventional shrink films; (B) a hot water puncture 
value of at least 20 seconds; (ifi) a shrinkage value of at 
least 15 percent (preferably at least 20 percent) in the 
machine direction and at least 20 percent (preferably at 
least 25 percent) in the transverse direction; and/or (rv) 
a shrink force value in the machine direction that is 
greater than the M.D. shrink force value for either of the 
two essential blend components alone. 



The materials of the present invention can be incor- 
porated into a multi-layer format In one embodiment, 
the outer layers of the composite structure are prefera- 
bly the shrink film compositksns describfsd above. Pref- 
erably, the outer layers are relatively thin, and the core 
layer comprises 40% to 95% of the total thickness of the 
multilayer film. 

The core layer may comprise an ethylene vinyl ac* 
state copolymer (EVA). Suitable convnercial resins are 
PE-3432 available from Ou Pont and having a vinyl ac- 
etate content of 20% by weight of the copolymer, and 

ELVAX 3135 also available from Ou Pont and hav- 
ing a vinyl acetate content of about 12% by weight of 
the copolymer. 

The core layer may also comprise very tow d^sity 
polyethylene (VLDPE). The Vli3PE contributes proc- 
essability and toughness to the overall film. The VLDPE 
may be blended with, for example, EVA. Ethylene acr- 
yiates, such as, ethylene butyl acrylate copolymer 
(EBA) ethylene methacryfate (EMA) ethylene ethyl 
acrylate (EEA). may also be used in the core layer EVA 
copolymers, having normal butyl acrylate comonomer. 
are available from Quantum urtder the designation NPE 
4774. Also suitable for use h the core layer is ethylene 
methyl acrylate copolymer. 

Other combinations of the above components may 
be combined as blends suitable for the core layer. All of 
the materials and ntaterial blends oT the core layer are 
characterized by their f unctksn as a shrink energy-con- 
trolitng layer. Both the shrink tension and free shrink 
properties of the film, are largely determined by the core 
layer. It is therefore desirable for this layer to form at 
least 40%. and more preferably at least 70%, d the total 
film stmcture by weight 

Although it is preferred that outer layers be identical, 
and compose the same polymeric material, different 
materials may be used. Therefore, one of the outside 
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layers or an tmermeoiate layer be used In ax\ aner- 
nalive embodiment of the present inventtoa Useful ma- 
terials for such a layer include polyester, low density po^ 
yethylene, high density polyethylene and polypropyl- 
ene. These materials are commercial resvis available 5 
from a number of manufacturers and suppliers. 

In an altemative multilayer embodiment of the 
present inventioa the core layer, rather than the outer 
layer(3). comprise the critical "First Component/Second 
Component' material described above. In such an em- 
bodiment, at least one outer layer would comprise 
HOPE, LLDPE, LDPE, ULDPE, nylon, ionomer EVOH, 
polyester styrene polymers or copolymers, PVC, poly- 
propylene, ethylene-propylene copolymers and/or pol- 
yvinylidene chloride. The more preferred outer tayer(s) is 
would comprise polypropylene, ethyleneijropylene co- 
polymer. LLOPE, LOPE, and^or polyester. The core lay- 
er would provide 40% to 95% of the total thickness of 
the multilayer film. Such a film structure would generally 
provide a broad shnnk temperature range, arid coukj al- 20 
so provkje a broad shrink temperature range and could 
also provide tow shrink force. 

In an altemative embodiment of the present Inven- 
tnn, the Rrst and Second Components are not aiktfed 
together, but rather combined, wrfiereby the First Com- ss 
ponent is made into a core layer, and the Second Com- 
ponent is made into at least one other layer. The outside 
layer is preferably polypropylene (or ethylene-propylene 
copolymer) or a blend of propylene copolymer and poly- 
propylene and^or higher melting ethylene homopolymer 
or copolymer or both, wherein the density is 0.92 to 
0.960 and more preferably 0.90 to 0.93. The core layer 
preferably comprises polyethylene having a density of 
0.85 to 0.90 and more preferably 0.88 to 0.90. 

Small amounts of processing aids or other additives 
may be added, for example, by a master batch process, 
wherein the master batch comprises small amounts of 
processing aids or other additives. The master batch 
can comprise between 1% and 100% by weight of the 
outer layer. 

In the preferred process for making the muttOayer 
shrink film of the present invention, bask: steps include 
blending the polymers for the varkaus layers, coextrud- 
ing the layers to fonn a multflayer film, and then biaxiaity 
stretching the film. These steps and additksnal optional 
steps will be explained in detail in the paragraphs which 
follow. 

The pmcess begins by blending the raw materials 
(l.e. polymeric resin) in the proportions and ranges de* 
sired as discussed eartier. The resins are usually pur- 
chased from a supplier in pellet form and can be blended 
in any one of a number of commercially available blend- 
ers as is well known in the art 

During the blending process any additives and/or 
agents which are desired to be utilized are also incor- 
porated. Blending of processing aids and other additives 
into a master batch is also preferably accomplished prior 
to coextrusion to insure uniform distribution of the addi- 



ttvestnrougrKXAine resrt Tneoienaresraanaappih 
cabie acktUvee aidto agertts era then fed hto the ho^ 
pers of eKtmders wMch feed the coextrusion de. 

The materials are coextruded as a tube having a 
(fiameter which depends on the stretching ratio and da- 
sired final (fiameter. This coextnided tube m relatively 
thick and is referred to as the tapa Circular coaxtnision 
des are well known in the art ml can be purchased 
from a number of manufacturers. In addition to tubular 
coextmsion, stat dies couU be used to coextrude mate- 
rial in planar form. Well known single or multQayer ex- 
tnision coating processes could also be employed if de- 
sired. 

An optkxial procassing step which may be utfl'ized 
is the irradiation of the tape fay bombarding for example 
high energy electrons from an accelerator to cross-Tink 
thematerialsof thetapa Cross-Gnking greatly increases 
the structural strength of the film or the force at which 
the material can be stretched before tearing apart when 
the film materials are predominantly ethylme such as 
polyethylene or ethylene vinyl acetate. Thus, when us- 
ing outefiayers d LIDPE, cross-linking is particularty 
advantageous in processing the tape into a shrinkable 
fnm. 

The irradiation can improve the optical properties of 
the film and changes the properties of the film at higher 
temperatures. Preferred radiation dosages for the 
present multilayer fibn are in the range of about 1 meg- 
arad (MR) or less to about 4 megarads. Following co- 
extrusion, quenching, and optionally inadiation. the ex- 
truded tape is reheated and continuously ffiflated fay in- 
ternal air pressure into a bubble (btown bubble tech- 
raque), thereby transforming the narrow tape with thick 
walls into a wider film with thin walls of the desired film 
thickness^ 

After stretchingi the bubble is then deflated, siit and 
the film wound onto eani-finished rolls called miD rolls. 
Orientation is achieved fay raising the temperature of ^e 
tape to its orientation temperature, which is below the 
melting point of the highest melting component of the 
tape. Al this point the heated tape is quickly stretched 
both longitudinally and transversely and quickly cooled 
to bekiw its melling temperature before the reskiual 
stresses have the qsportunity to relax. 

Many embodiments of the present invention are 
possftsle and wHI be evktent to a person of ordinary skill 
in the art upon reading the (msem specification and ac- 
companying daimaL Critical to the present invemkxi is 
a sutistantiaUy singular melting point polyethylene (or 
the like) in cornbination with a polyethylene (or the like) 
having a higher meltkig point fay at least about 10* C 
wherein the combnation can be made into an oriented 
fOm. The remilting flkn will generally have improved 
toughness, shrinkage properties and optics, thereby 
provkjing an unexpected and signiftcam advance in the 
art. 
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Claims 

1. An impraved shrink fibn composition comprising: 

a) a potyethylena homopotymer or copoiymer 
derived from at least 70 weight percent ethyl- 
ene first component having a narrow, sutsstan- 
tially singular melting point, said melting point 
being less than 11 S"C and said first component 
having a molecular weight distribution (Mw/Mn) 
withffi the range of 1 to 4 and a density less than 
0.92 grams per cubic centimeter; and 

b) a polyethylene second component having a 
melting point at least 10*C greater than the first 
component and an orientation temperature at 
least Z'C less than its melting point. 

whereby the weight ratio of first component to 
second component is in the range of 2-9S:9S-Z 

2. The composition of Claim 1 wherein the first com- 
ponem is the product of a polymerization process 
utilizing a metallocene catalyst 

3. The composition of claim 1 wherein the second 
component is a blend of LOPE. IXOPE and MLDPE 
in a weight ratio of 2*25:50-98:0-25. 

4. The composition of claim 1 wherein the first and 
second component are intermixed and the second 
component has a density of 0.915 to 0.930 grams 
per cubic centimeter and a melt index (according to 
ASTM 0-1238, Condition E) of 0.5 to ZO, and the 
first component has a density of 0.86 to 0.915 and 
a melt Index (according to ASTM 0*1 238. Condition 
E) of 1 .0 to 3, whereby the weight ratio of the second 
component to the first component is in the range of 
50-90:10-50. 

5. The composition of claim 1 wherein the first and 
second component are intermbced and the first 
component has a density of 0.86 to 0.9 1 5 grams per 
cubic centimeter and a melt index (accorcfing to 
ASTM 0*1238. Condition E) of 0.5 to ZO. and the 
second component has a density of 0.915 to 0.930 
g/crrfi and amett index (accordingto ASTM 0-1 238, 
Condition E) of 1 .0 to 10, whereby the weight ratio 
of the first component to the second component is 
In the range of 50-98:2-50. 

6. The composition of claim 1 wherein the first and 
second component are intermixed and the second 
component has a density of 0.925 to 0.945 g/cm^ 
and a melt index (according to ASTM 0-1 238. Con- 
dition E) of 0.5 to 1.5 and the first component has 
a density of 0.86 to 0.92 grams per cubic centimeter 
and a melt index (accordingto ASTM 0-1238. Con- 
dition E) of 1 to 5, whereby the weight ratio of the 



second component to the first component is in the 
range of 15^:65-85. 

7. Amuitflayercompositeshrinicfilm stmdure wherm 
5 one of the layers comprise the composition of daim 
1. 

8L The multilayer striicture of daim 7 wherein the core 
layer comprises the composition of claim 1 and said 
10 core layer is 40% to 95% of the total thickness ofthe 
multilayer film. 



Patentanspruehe 

IS 

1. Vsrhesserte Schrumpffolienzusammensetzung, um- 
fassm± 

(a) ein Polyethy ten-Homopotymer Oder -Cqso- 
20 lymer. abgeleitetvon wenigstensTO Gew.*%ei- 

ner ersten Ethylenkomponenta, die einen 
scharfen im wesentllchen einzigen Schmelz- 
punkt besitzt, wobei der Schmelzpunkt kieiner 
ist als 115 "^C und die erste Komponente eine 
25 Molekulargewiditsverteilung (Mw/Mn) im Be- 

reich vonl bis 4 und eine Dtchte von weniger 
ais 0,92 g/crvfl besitzt: und 

(b) eine zweite Potyethylenkomponente. de ei- 
nen Schmelzpunkt der wenigstens urn 10 ^'C 

30 hdher llegt als derjentge der ersten Kompmen* 

te. und eine Orientierungstemperatur, die we- 
nigstens 2 "C niedriger flegt als ihr Schmelz- 
punkt besitzt; 

3S wobei das Qewichtsverhaitnis von erster Kompo- 
nente zu zweiter Komponente im Bereich von 2*98: 
9a-2liegt. 

2, Zusammensetzung nach Anspnich 1 , wohn die er* 
40 ste Komponente das Produkt eines Polymerisati- 

onsverfahrens ist welches einen Metallocen-Kata- 
iyeatorverwendet. 

at Zusammensetzung nach Artspruch 1« worin de 
zweite Komponeme eine Mischung aus LOPE. LL- 
OPE und VLOPE in einem Qewichtsverhaitnis von 
2-25:50-98:0-251^ 

4^ Zusammensetzung nach Anspmch 1 , worin die er- 
59 eta und die zweite Komponente miteinander ver- 
mischt werden und die zweite Komponente eine 
Ok:hte von 0,915 bis 0,930 gfcnfl und eirten 
Schmelzindex (gemaO ASTM 0-1238, Bedingung 
E) von 0,5 bis 2.0 besitzt und die erste Komponente 
SB eine Oichte von 0,86 bis 0,91 5 und einen Schmelz- 
index (gemaB ASTM 0-1238. Bedingung E) von 1 .0 
bis 3 besitzt. wobei das Gewichtsverhaitnis von 
zweiter Komponente zu erster Komponente im Be- 
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reich von 50-90:10-50 OegL 

5. Zusanunensetzung nach Anspruch 1 , worin de er- 
ste und die zvraite Kbmponente miteinander ver- 
mischt warden und die erste Kbmponente eine 
Oichte von 0«85 bis 0,915 g^cm^ und emen 
Schmelzindex (gemaB ASTM D*1238, Bedingung 
E) von 0,5 bis 2,0 besitzt und die zwefte Komponen- 
te eine Oichte von 0,91 5 bis 0,930 g^cm^ und einen 
Schmetzindex (gemaB ASTM 0-1238, Bedingung 
E) von 1 .0 bis 10 besttzt wobei das Gewichtsver- 
haitnis von erster Komponente zu zweiter Kbmpo- 
nente im Bereich von 50-98:2-50 liegt. 

6. Zusammensetiung nach Anspruch 1 , worin die er* 
ste und die zweite Komponente mtteinander ver- 
mischt werden und c£e zweite Komponente eine 
Oichte von 0,925 bis 0,945 g^cm^ und einen 
Schmetzindex (gemaO ASTM 0-1238, Bedingung 
E) von 0,5 bis 1 .5 besitzt und die erste Komponente 
eine Oichte von 0,85 bis 0,92 g^cm^ und einen 
Schmetzindex (gemaB ASTM 0-1238. Bedingung 
E) von 1 bis 5 besitzt, wobei das Gewichtsverhaltnis 
von zweiter Komponente zu erster Komponente im 
Bereich von 15-35:65-85 liegt 

7. Mehrschichtige Schrumpffolien-Vertsundstruktur, 
worin eine der Schichten die Zusammensetzung 
nach Anspruch 1 umfaBl 

8. Mehrschichtenstrulctur nach Ar\spnich 7, worin die 
Kemschicht die Zusammensetzung nach Anspmch 
1 umfaBt und die Kemschicht 40 % bis 95 % der 
Qesamtdtcke der Mehrschichtenfolie ausmacht 



Revendieatlona 

1. Una composition de film retractable ameliorde com- 
prenant: 

a) un potyethyldne homopotym§re ou copofy* 
mere ddrivd cf au moins 70 pour cent en poids 
d'dthyl^e comme premier composant ayant 
un point de fusion 6troit sensiblement singuiier, 
ledit point de fusion dtant infdheur k 115'C et 
ledtt premier composant ayant une distribution 
de poids moidcutaires (Mp/M^) comprise dans 
l*htervaile de i & 4 et une masse vdumiqua in- 
f6rieure 0,92 g/arfl ; et 

b) un potyethyt^e comme second composant 
ayant un point da fusion supdrieur cfau mains 
10*'C k celui du premier composant et une tem- 
perature ^orientation inf drieure d'au moins 2?C 
k son point de fusion, 

en sorte que le rapport en poids du premier 
composant au second composant se situe 
dans I'Imen/aile de 2-98:98-2. 



Z LaoompoeiliondelaravencScatlonl.dansiaqueoe 
to premie co m p osant est to pioduit cfun (hocMA 
de potymMsatlon utiDsant un catalysaur mdtalloc§- 
ne. 

5 

3L Lacornposftiondelarsvendicationl.danslaquene 
to second composant e^ un melange da PESO, 
PEBDL et PETBO en un rapport m poids de 2-25: 
50-98:0-25. 

to 

4 La corrrposition da la revendication 1 , dans laquefle 
lea premier et second composants sont mdlanges 
entra eux et le second composant a une masse vo- 
lumique de 0,915 0.930 g^cm^ et m indica de flui- 

75 <St6 k chaud (salon la nomte ASTM 0-1238, Con- 
dition E) de 0,5 ^ ZO. et le premier composant a 
une masse volumtque de 0,86 k 0,91 5 g/crn^ un 
indice de fluiditd k chaud (seton to nomie ASTM 0- 
123a Condition E) de 1.0 d a en sorte que to rap- 

20 port en poids du second composant au premier 
composant sa situe dans rintenralle de 50-90: 
10-50. 

5. La composition de to revendicatton 1. dans laqueOe 
2S tos premtor et second composants sont mdlanges 
OTtre eux et le premier c om po sa nt a une masse vo- 
lumique de 0 J6 k 0^15 gfarfl et un indice de flui- 
dity k chaud (selon la norme ASTM 0-1238. Con- 
dition E) de 0^ d ZO, ^ le second composant a une 
30 masse votumtque de 0,915 k 0,930 gfarfi et un inr 
dice de fluicfitd k chaud (seton to nonne ASTM 0- 
1238, Condition E) da 1,0& 10. en sorte que to rap- 
port en pcnds du premier composant au second 
composant se sftue dans rtoten/aHe de 50-98:2-50. 

as 

& La compoaitton de to revendication 1 , dans laqueile 
tos premtor et second composants sont mdtang^s 
entre eux et to second composant a une masse vo- 
lumique de 0,925 ^0,945 gfarfl et un indice de flui- 

40 dltd & chaud (seton to nomne ASTM 0-1 238, Con- 
ditton E) de 0,5 ^ 1,5, et to premtor composant a 
une masse vdumiqua da 0,86 k 0,92 g/cafi et un 
n(£ce de fluidity ii chaud (seton to nomte ASTM 0- 
1238, Condition E) de 1 a 5. en sorte que to rapport 

4S en poids du second composant au premier compo- 
sarrt se situe dans rinten«lto da 15-35:65-65. 

7. Une structure de fitoi readable composito mutti- 
couche dans laqueile Puna des couches comprmd 
so tocompositionde to revendicatton 1. 

a stnicture multicoucha de to revendication 7, 
dans laqueile to coucha cantrale comprend to com- 
poaitton da to revendicatton 1 etcettecouchecen- 
55 trale repr^seme 40 % a 95 % de fdpaissaur totale 
du film muiticoucheL 



10 



